Abstract. WO3 nanostructures were obtained by hydrothermal method using sodium tungstate dihydrate (Na2WO4•2H2O), hydrochloric acid(HCl). Polyethylene glycol (PEG-1000) was added in the initial precursors. The phase of WO3 nanostructures are characterized by X-ray diffraction (XRD). The morphology of WO3 are characterized by scanning electron microscopy (SEM). The morphology of WO3 was nanorods, however became nanoparticles with PEG-1000 adding. The effect of PEG on the formation of WO3 nanoparticles was studied. The NH3 gas sensing properties of WO3 nanostructures were also studied. The result showed that the sensitivity was increased with PEG -1000 adding.
Introduction
Tungsten oxide (WO3) has received much attention during the past few years for the gas sensor applications [1, 2] . WO3 is an important n-type semiconductor which has favorable properties. Many methods, such as hydrothermal method, sol-gel, sputtering, have been developed to synthesize WO3 nano-materials in order to improve the textural properties, and increase the gas sensing properties. The hydrothermal synthesis method is the most common preparation method to obtain WO3 nanostructures [3, 4] . However, the formation of large agglomerates resulting in samples with low gas sensing property because the lack of a stabilizer in the reaction medium. In order to increase the surface area of WO3, polyethylene glycol (PEG) is used as an effective steric stabilizer and template to synthesis WO3 nanostructures with high surface area values [5,6.] PEG is used for obtaining WO3 nano-materials via some wet chemical routes, such as hydrothermal synthesis process, solvothermal method, or sol-gel. It was showed that PEG can delay crystallization, and controls the particle size and shape of WO3 nanostructures. In the present work, WO3 was obtained via a simple hydrothermal method, and PEG-1000 was added as a steric stabilizer and template. The phase, morphology, and NH3 gas sensing properties of WO3 nanostructures are studied. The effect of PEG on the formation of WO3 nanostructures was studied.
Experimental
Two types of WO3 nanostructures were synthesized by a facile hydrothermal method. 4g sodium tungstate dihydrate(Na2WO4•2H2O) were dissolved in 70 ml deionized water under vigorous stirring for 10min. Then, 3M HCl was added into the solution dropwise until pH value was about 1 and kept stirring for 30 min. Then, the mixture solution was transferred into a 100 ml Teflon-lined stainless steel autoclave, sealed and maintained at 180°C for 12 h. After reaction, the products were centrifugated and washed with deionized water and ethanol for 2 times, respectively. The WO3 powders prepared without PEG-1000 marked by W1.In a second step, 1.0 g PEG-1,000 was added into Na2WO4•2H2O solution just before adding the base HCl solution. The PEG was dissolved under vigorous stirring for 10min. Then, the pH value, heat treatment and purification protocol are same with W1 to investigate the effect of the PEG-1000 addition. The WO3 powders prepared with PEG-1000 marked by W2.
The phase and crystallinity of WO3 powders(W1,W2) were analyzed by X-ray diffraction (XRD) . The Rigaku D/Max-3B diffractometer was equipped with a Cu Kα radiation with a wavelength of about 0.15406nm.). The morphology and microstructure of WO3 were analyzed by a scanning electron microscope(SEM, S3400).
The WO3 powders were dispersed in terpilenol and absolute ethyl alcohol to form paste. The paste was then spin coated onto an alumina ceramic (Al2O3 ) substrates with a pair of interdigitated gold (Au) electrodes. The samples were heat treated at 450°C for 2 h. NH3 gas sensing properties were measured by a static test system. The sensor response was defined by the equation, as in Eq. 1. (1) where Ra is the electrical resistance in air, Rg is the minimum resistance after introduction of NH3.
Results and Discussion
XRD patterns of WO3 synthesized in the solutions without and with PEG(W1,W2) are shown in Figure 1 . The 2θ range is from 10° to 60°. Peak intensities of W1 are high and sharp, indicating that W1 is very good crystalline. It can be seen that the strong diffraction peak of W2 is shorter than those of W1. This is because PEG-1000 addition in the system will extend the possible interactions and the reactivity control of the tungsten precursor, at the same time it also delay crystallization [ 6, 7] . SEM images of W1 and W2 are presented in Figure 2 . Without PEG-1000, the sample W1 shows the nanorods structure with a lengths of about 1μm and a diameter in the range of 100 nm ( Figure  2a) . With PEG-1000, the sample W2 shows the nanoparticles with diameter in the range of 100-200nm (Figure 2b ). In conclusion, the morphologies of WO3 nanostructures changed from nanorods to nanoparticles by PEG-1000 adding. Thus PEG-1000 played an important role in controlling the morphologies of WO3 nanostructures. Under hydrothermal treatment, the tungstic acid with and without PEG was dissolved and decomposed into different shapes of WO3. Without PEG, WO3 nuclei rapidly formed from the precursor, subsequently these nuclei served as seeds, and developed into WO3 nanorods. When PEG was added, PEG adsorbed on the surface of WO3 nuclei, the self-assembled process was inhibited by heavy capping of PEG at the very beginning of the nucleation, and small nuclei formed. Finally, WO3 nanoparticles were synthesized and detected. The resistance value of WO3 gas sensor decreased rapidly from initial value to a valley value rapidly when adsorbed NH3. It behaved as n-type semiconductors gas sensors. The sensitivity of W1 is 2.43, the response time of W1 is 5s, and the recovery time of W1 is 10s. The sensitivity of W2 is 3.17, the response time of W2 is 3s, the recovery time of W2 is 20s. It was shown that the sensitivity was increased with PEG addition. Because the surface area value of WO3 was increased. 
Conclusion
In summary, WO3 nanostructures were obtained by a simple hydrothermal method using Na2WO4•2H2O, HCl and PEG-1000. PEG played an important role in controlling the WO3 nanostructured morphologies. PEG can increase the surface area value, delay crystallization, and also increase the NH3 gas sensing properties of WO3 nanoparticles.
